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Abstract 


A study has been carried out to understand the different ceramics and different polymers to prepare 
composite with 0-3 connectivity. This is purely a review study on ferroelectric materials. Dielectric and 
piezoelectric properties for various composites have been discussed. It is clear that there is always an increase 
in dielectric constant (e,) for an increase in volume fraction. The piezoelectric strain coefficient (d33) showed an 
increase in values to the increase in volume fraction of the various ceramic-polymer composites. There is no 
existence of steady pattern found in the voltage coefficient (g33) values. The values obtained for the above 
confirms the usage of composites in various applications discussed in the introduction. 


Keywords: Ceramic, polymer, ferroelectric, dielectric constant, piezoelectric strain coefficient, piezoelectric 


voltage coefficient. 
1. INTRODUCTION 


Composite made up of ferroelectric ceramic 
and ferroelectric polymer are recently becoming more 
attractive for various applications. In accelerometer, 
pressure sensors, hydrophone and _ pyroelectric 
sensors, composites are highly used. The simplest 
ceramic-polymer composite consist of ceramic phase 
dispersed in a polymer matrix which is a 0-3 
connectivity introduced by Newnhamn et al (1978). In 
this connectivity, the particulates reinforce into the 
polymer matrix. In this study, it is focused on various 
ferroelectric composites. 


The lead zirconate titanate (PZT), lead 
titanate (PT), lead manganese  niobate-lead 
titanate/barium titanate (PMN-PT/BaTiO3), calcium 
doped lead titanate(PTCa) ceramic are important 
ferroelectric material because of their excellent 
electrical properties. Among ferroelectric polymers 
semicrystalline polyvinylidene fluoride (PVDF), 
epoxy, rubber, polyvinylidene-trifluroethylene(P VDF- 
TrFE), polyamide, polyester resin, polyurethane, and 
polyvinylidene chloride are popular piezoelectric and 
ferroelectric material because of its flexibility, 
compliance and ease of fabrication (Newnham et al. 
1984). This can be used in under water ultrasonic 
transducer such as earphones because of its recognized 
good ferroelectric properties. Combination of 
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piezoelectric ceramic and polymer would form both 
softness of a polymer and advantages in electrical 
properties. In this study, a 0-3 connectivity have been 
analyzed for all composites. All these composites have 
been analyzed for various volume fractions. A 
comparative studies on piezo and dielectric properties 
have been discussed. 


A corona discharge to the thin films obtained 
from hot roller, solvent cast, spin coating, screen 
printing, flow extension method have been employed. 
A poling apparatus have been used to pole the pellets 
prepared by hot press method using a high voltage DC 
power supply. In this work, analysis of dielectric and 
piezoelectric properties were studied only for samples 
prepared by corona discharge and direct poling 
method using high voltage power supply. 


2. EXPERIMENTAL METHOD 


It is decided to select only those ceramics and 
polymers which possess ferroelectric nature. The 
ferroelectric natured ceramics and polymers (matrix) 
are selected here are shown in table 1. In this study, 
the research papers selected are having different 
polymer and ceramic materials which possess 
ferroelectric properties. The various authors discussed 
the different methods of preparations in their 
respective papers. They discussed the 0-3 connectivity 
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for all the composites. In this review, the papers have 
been selected for those who worked in preparing films 
and pellet samples. The method followed are solvent 
casting, spin coating techniques (Banerjee et al. 2013; 
Olszowy. 2003; Dietze et al. 2007; Arlt et al. 2010), 
screen printing (Matthias Dietze et al. 2008), hot roller 
for thin films and hot press apparatus for preparing 
pellets (Satish et al. 2002; Senthilkumar et al. 2005; 
Zhang De-Qing et al. 2008; Pailyn Thongsanitgarn et 
al. 2010; Young Jun Choi et al. 2013; Kwok et al. 
2007). By measuring the capacitance value using 
capacitance meter, LCR meter...etc. the dielectric 
constant (€,) were calculated using [Cd/eoA], where‘d’ 
is thickness of film or pellet, ‘A’ is the area of the 
prepared sample. The piezoelectric strain coefficient 
(d33) value were measured using piezometer or d33 
meter. The values were shown in table (2). The 
piezoelectric voltage coefficient (g33) was calculated 
using the relation g33=d33/eoe;, where € is the 
permittivity of free space. 


The various range of leakage current 
generated by corona discharge were applied to the thin 
film composites prepared by the methods quoted 
above (Banerjee et al. 2013; Olszowy. 2003; Dietze et 
al. 2007; Arlt et al. 2010; Matthias Dietze et al. 2008). 
Direct contact poling method were used for polymer- 
ceramic composites prepared in the form of pellets 
and the applied voltage for poling ranges from 5 kV to 
30 kV. The capacitance value, d33 and g33 were 
tabulated for both films and pellets. 


3. RESULT AND DISCUSSION: 


3.1 Dielectric properties 


The dielectric properties of composites 
depend on three factors (i) the properties of the 
constituent phase (ii) their intervening volume fraction 
and (iii) the way in which they are connected. A fourth 
factor emulating the micro geometry of the inclusions 
can be also of considerable important in 0-3 
composites (Dias et al. 1996). 


In this review paper various ceramic with 
different polymers and co-polymers have been 
selected for the study showed in table (1).The table 
illustrates an increases of dielectric constant value 
with an increase in volume fraction while tan 6 
decreases. This result is due to the increase 
contribution in reinforcement of ceramic particles into 
the polymer matrix which has higher dielectric 
constant. The continuous increase of dielectric 
constant with ceramic volume fraction in polymer 
composite reported by other worker is due to the 
absence of porosity. Because the composites were 
prepared by pressing at high temperature. There is a 
dielectric constant value difference between the 
polymers and it is due to relaxation of polymers with 
ceramic. 


Table 1. Dielectric properties of Different Ferroelectric Ceramic polymer composites 




























































































Ceramic Matrix Vr €r tan 6 Reference 
PZT PVDF 0 8.86 0.018 
PZT PVDF 0.1 9.84 0.025 
PZT PVDF 0.3 12.57 0.040 
PZT PVDF 0.5 18.09 0.042 Pailyn Thongsanitgarn et al. 2010 
PZT PVDF 0.7 35.96 0.040 
PZT PVDF 0.9 126.50 0.045 
PZT PVDF 1.0 957.75 0.005 
PZ21 PVDF-TrFE 0.1 22 0.041 
PZ21 PVDF-TrFE 0.2 29 0.034 Dietze et al. 2007 
PZ21 PVDF-TrFE 0.3 34 0.036 
BaTiO3 Epoxy 0.5 24 Sangyong Lee et al. 2007 
BaTiO3 EPOXY 0.6 45 0.035 Ramajo et al. 2008; Das et al. 2008 
PZT PVDF 0.5 90 Abdullah 1990 
PZT PVDF 0.7 140 0.3 Junlong Yao et al. 2009 
BaTiO; PVDF 0.2 20 Tripathi et al. 1991 
BaTiO3 polyimide 0.1 35 0.0082 : 
BaTiOs polyimide 0.9 117 prea re 
PZ21 PVDF-TrFE 0.2 35 0.033 
a ———— os 2 nae Matthias Dietze et al. 2008 
PZ21 PVDF-TrFE 0.5 72 0.023 
BaTiO3 Rubber 0.3 17 Yang Rao et al. 2002 
PMN-PT-BT Epoxy 0.7 110 0.016 Naga Gopi Devaraju et al. 2005 
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3.2 Piezoelectric properties 


In this paper, the piezoelectric — strain 
coefficient (d33) and voltage coefficient (g33) have 
been analyzed for the different ceramic and polymer 
composites. In table 2, the values of d33 and g33 along 
with volume fraction have been illustrated. There is 
always an increase in d33 and g33 values with increase 


in volume fraction. This is due to the increase in 
ceramic content in polymer matrix. Whereas in the 
case of polymers like PVDF-TrFE and PVC with 
PZT, the d33 and g33 values are nonlinear. This is due 
to the ceramic and polymer phases polarized in 
opposite direction (Kar Lai Ng et al. 2000). 


Table 2. Comparison of Piezoelectric properties with Volume fraction of different ceramic polymer 


























































































































composites 
Polymer ceramic composite volume € a) ae Reference 
2 P fraction% : (pCN“) | 10°3(V-mN-1) 
50 93.09 17.87 21.68 ae ohab 
a 65 45 33 82.82 Wim Nhuapeng et al. 
; 2004 
0 9.5 37 439.88 
0.1 12.3 32 293.83 
0.2 18 28 175.68 
PZT-P(VDF-TrFE) a ae x = Kar Lai Ng et al. 2000 
0.5 70.2 21 33.78 
0.6 124.2 42 38.19 
1.0 1116 410 41.49 
30 8.61 4 52.47 
40 25.06 6 27.04 
PZT-PVC 50 39.30 15 43.10 Liu et al. 2009 
60 73.11 22 33.98 
70 97.78 31 35.80 
Liu Xiaofang et al. 
PZT/C/PVC 50/0.5/49.5 47.8 20 47.25 2005 
33 24 23.7 111.53 Malmonge et al. 2008 
PAE * 3 ae Wim Nee et al. 
PZT/PVC Thin film 60 134 29 24.44 
PZT-Epoxy 57 140 Dias et al. 1996 
40 45 
; 50 52 Wim Nhuapeng et al. 
PZT-polyester resin 60 84 2004 
65 88 
BaTiO3-PVDF 23.89 78 36.87 Xuetao Luo et al. 2004 
0 9.5 - 
0.09 14.3 5.1 40.28 
0.19 18.4 8.3 50.94 
0.28 24.2 11.7 54.60 Chan, H.L.W et al. 
EEE) 0.39 30.3 13.5 50.32 1998 
0.48 42.4 20.8 55.40 
0.54 57.3 22.8 44.94 
1 245 72.8 33.56 
PTCa/P(V DF-TrFE) 65 67 28 47.20 Malmonge et al. 2008 
PT-Epoxy 70 25 
50 22 Dias et al. 1996 
PTCa-Epoxy 55 45 




















4. CONCLUSION 


The different ferroelectric ceramic polymer 
composites with 0-3 connectivity were considered for 


this study. The dielectric and piezoelectric properties 
of all the above composites were analyzed. From this 
study it has been revealed that there is a relative 
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variation in the values of dielectric constant and 
piezoelectric strain coefficient with respect to volume 
fraction. The piezoelectric voltage coefficient g33 is 
directly proportional to the piezoelectric strain 
coefficient and inversely proportional to the 
permittivity. These materials are suited for 
radiating/receiving ultrasonic devices, technological 
power ultrasonic devices since, they have different 
dielectric constant. 
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